Filamentous (F)-actin and the plasma membrane (PM) both have a role in regulating molecular organisation and trafficking during cellular processes. In T-cells, this includes cell migration and the formation of the immunological synapse (IS). The IS is a specialised cell-cell junction crucial for antigen recognition. The molecular organisation during IS formation can influence downstream signalling and therefore the effectiveness of the antigen-mediated immune response. Combining Total Internal Reflection Fluorescence (TIRF) with Structured Illumination Microscopy (SIM) provides live-cell super-resolution images and molecular dynamics of sub-diffraction structures using standard fluorophores. Using Spatio-Temporal Image Correlation Spectroscopy (STICS) we can extract directionality and velocity information from this data in the form of vector maps and histograms. We applied TIRF-SIM and STICS to T-cells during the formation of the Immunological Synapse (IS) to study the dynamics of the cortical F-actin meshwork and the PM itself. At resolutions of approximately 100 nm both the cortical F-actin meshwork and the PM itself demonstrate retrograde flow during IS formation and in mature synapses. To establish what could be driving this retrograde flow we applied various drug treatments designed to alter the cytoskeletal meshwork in different ways such as Latrunculin-B and Cytochalasin-D which disrupt F-actin and Jasplakinolide which stabilises fibres. Using these reagents we were able to influence not only actin retrograde flow, but also the flow of the plasma membrane lipids themselves. This suggests F-actin polymerisation and retrograde flow may drive PM flow during IS formation through actin-membrane coupling.
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Full Field Nonlinear Structured Illumination Microscopy with STED Han Zhang, Yu Li, Ming Zhao, Leilei Peng. College of Optical Sciences, University of Arizona, Tucson, AZ, USA. Structured illumination microscopy (SIM) allows fast full-field imaging of biological samples. Linear SIM improves the lateral resolution limit by a factor of two. Once combined with a nonlinear effect of the fluorescence emission, SIM can further suppress the resolution limit to <100 nm, as reported by Photoswitchable and excitation saturated SIM (SSIM) [1, 2] . Here, we present a novel nonlinear SIM method named STED-SIM, which utilizes the stimulated emission depletion (STED) effect to achieve 4-fold resolution enhancement [3] . STED-SIM utilizes a 2D grating to generate a 2D structured illumination pattern. The grating is shifted at high speed by piezo stages. Therefore, the imaging speed of 2D STED-SIM in only limited by the speed of the camera. Compared with previously reported nonlinear SIM approaches, STED-SIM has the advantage of fast switching response, negligible stochastic noise in switching. In addition, the achievable resolution of STED-SIM in theory is unlimited. STED-SIM microscope was first tested on fluorescent beads samples and achieved full field imaging over 10Â10 [mm] 2 at the speed of 2s/frame with 4-fold improved resolution. Imaging experiments of biological samples are under way. 1. Gustafsson M. G. L. (2005) Photobleaching is a major limitation of super-resolution STED microscopy. Using our custom-built resonant-scanning STED microscope with a large (50 x 50 mm) field of view, we now show that the photobleaching rate in STED microscopy can be slowed down by scanning with high linear speed. The effect of scanning speed on photobleaching is more remarkable at higher levels of depletion laser irradiance. With a depletion irradiance of 0.4 GW/cm2 (time average) and a 7-fold faster scanning (speed increased from 0.17 m/s to 1.38 m/s), we were able to slow down the photobleaching of the Atto 647N dye by 80%. Photobleaching is primarily caused by the depletion light acting upon the fluorophores in the excited states. Experimental data qualitatively agree with a theoretical model. Our results encourage to increase linear scanning speed further or to reduce continuous light exposure time to significantly reduce photobleaching in STED microscopy. While it's clear that technological and scientific advances often go hand-inhand, it's generally difficult to identify which combinations will produce the most lasting impact. Here, we present an unlikely union of DNA engineering and optical microscopy that enables 3D super-resolution imaging with extreme color multiplexing [1] . In essence, DNA-PAINT utilizes thermally-driven binding and unbinding of engineered DNA sequences to induce fluorophore blinking, which ultimately yields images with sub-10-nm spatial resolution. Moreover, because binding sites and flurophores are connected on opposite strands of hybridized DNA, careful engineering of the base pair sequence allows for orthogonal selectivity between signal and target. Thus, EXCHANGE-PAINT goes beyond the single color detection of DNA-PAINT and enables an extreme form of color multiplexing. By combining this unique approach to target labeling with high-speed confocal imaging, we are now in position to move toward full 3D super-resolution imaging. In this work, we present recent progress toward this ultimate goal and demonstrate how such techniques can provide unique insights on molecular scale biophysical systems. R.J., M.D., M.S.A., J.B.W. and P.Y. have filed a provisional US patent application regarding the current work. 
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Quantitative Multiplexed Super-Resolution Neuronal Synapse Imaging using DNA-Paint Syuan-Ming Guo 1,2 , Remi Veneziano 1 , Russell E. McConnell 3 , Sarit Agasti 4 , Simon Gordonov 1 , Tony Kulesa 1,5 , Frank B. Gertler 3 , Paul Blainey 1,5 , Ed Boyden 1,6 , Peng Yin 4 , Mark Bathe 1,5 . 1 Biological Engineering, MIT, Cambridge, MA, USA, 2 Chemistry, MIT, Cambridge, MA, USA, 3 Biology, MIT, Cambridge, MA, USA, 4 Wyss Institute, Boston, MA, USA, 5 Broad Institute, Cambridge, MA, USA, 6 Media Lab, MIT, Cambridge, MA, USA. Neuronal synapses form critical junctions of communication in neuronal networks, mediating neuronal signal transmission and circuit function. Synapses consist of thousands of proteins organized on the sub-micron scale, and their dysregulation via genetic aberrations including copy number variations and site-specific mutations is associated with a large number of neurological and psychiatric diseases. Understanding how these genetic aberrations affect the localization and structural organization of synapse proteins at the single synapse level is crucial for understanding neuronal function and related pathogenesis. Super-resolution fluorescence imaging is a powerful approach to resolving nanometer-scale organization of synapse molecules. However, conventional super-resolution imaging is limited to simultaneous interrogation of only 2-4 proteins in a single synapse. As an alternative, here we apply DNA-PAINT (Points Accumulation for Imaging in Nanoscale Topography) that enables highly multiplexed super-resolution imaging of synaptic proteins. PAINT generally employs transiently binding imaging probes to molecular targets in order to generate target blinking while simultaneously allowing probe washout or exchange, thereby in principle enabling sequential imaging of arbitrary numbers of molecular targets using a single dye and laser source. Use of singlestranded DNA as the soluble fluorescent probe that targets complementary single-stranded DNAs on cognate antibodies facilitates arbitrary blinking events per spatial localization. We employ this approach to resolve the localization and organization of synaptic proteins simultaneously with cytoskeletal markers for microtubules and actin, and demonstrate how fluorescence correlation analysis can be used to quantify their copy number in a highly multiplexed manner at the single cell and synapse level. imaging macromolecular protein complexes with single particle averaging methods. However, the ability to obtain fluorescence images within a single molecular complex that allows the study of molecular heterogeneity and low copy number complexes is still challenging, and remains an important goal for the future development of super-resolution microscopy. We here report early results towards this goal of ''single-molecule digital imaging'' using DNA-PAINT. We introduced three technical advances, including better localization accuracy by obtaining more photons per binding/blinking event, a novel template-based drift correction algorithm, and wide-range tuning of blinking duty cycles for highdensity imaging. We demonstrated our approach to obtain molecular-scale resolution on a synthetically designed DNA origami nanostructure, which is made of closely packed (spaced 5 nm apart) DNA molecules with imaging sites, arranged in a ''digital'' grid pattern. Using small molecule-based oligonucleotide labeling or genetically encoded tags, our imaging technology could achieve molecular resolution within single-molecule complexes. It could be applied to a wide range of biological and biomedical applications including the analysis of densely packed cell surface receptor clusters, cytoplasmic signaling pathways, or genomic organization and short-range interactions.
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Moshe Levi 1 , Evgenia Dobrinskikh 1 , Suman Ranjit 2 , John Montford 1 , Alexander Dvornikov 3 , Allison Lehman 1 , Seth Furgeson 1 , Raphael Nemenoff 1 , Enrico Gratton 2 . 1 Medicine, U of Colorado, Aurora, CO, USA, 2 Biomedical Engineering, U of California, Irvine, CA, USA, 3 Biomedical Engineering, U of California, Aurora, CA, USA. Chronic kidney disease (CKD) arises from a diverse list of renal injuries. Renal fibrosis is considered to be the final common pathway for most forms of CKD and involves glomerular sclerosis and/or interstitial fibrosis. Because of that there is great interest in identifying renal fibrosis in the early stages of CKD to prevent progression. Unilateral ureteral obstruction (UUO) is a welldescribed model of CKD and renal fibrosis. Kidney injury and fibrosis usually are assessed by histology. Histological methods include Picro-Sirius Red staining, Masson's Trichrome staining or immunohistochemistry for collagen isoforms. Quantitation of fibrosis using histologic techniques may be difficult due to variability in staining and pathologist scoring. The goal of this study is to compare histologic measures of renal fibrosis to Fluorescence Lifetime Imaging (FLIM) and Second Harmonic Generation (SHG) techniques in our deep tissue imaging microscope called DIVER. Male C57Bl6 mice were subjected to UUO of right kidney. At 21 days, both kidneys were collected, fixed, and paraffin-embedded. The uninjured left kidney was used as a control. Serial sections of both kidneys were analyzed by Picro-Sirius Red staining or FLIM with SHG. Quantification of a whole kidney section from the Picro-Sirius Red staining showed 34.3250.99% area of fibrosis in the left kidney compare to 5.5551.07% in the control kidney. Using the Phasor approach to FLIM, comparisons between the two kidneys show that the auto fluorescence lifetime signature give rise to two well separate phasor clusters. Quantification of ten different fields of view for each kidney from SHG suggests the presence of more collagen I in the diseased kidneys (17.4454.21% compared to 2.5951.98% control kidney). Finally the combined FLIM and SHG images let us create a criterion to separate fibrosis directly from the microscope images.
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High Sensitivity NDD Flim and Pattern Matching Based Fluorophore Identification Marcelle Koenig, Benedikt Kraemer, Volker Buschmann, Matthias Patting, Felix Koberling, Rainer Erdmann. PicoQuant GmbH, Berlin, Germany. Confocal microscopes with multiphoton excitation and non-descanned detection (NDD) can penetrate deep into tissue. The combination with Fluorescence Lifetime Imaging (FLIM) extends the capability of such an instrument for concentration measurements of specific molecules, superior discrimination against autofluorescence as well as time resolved FRET (FLIM FRET). For optimal detection efficiency the fluorescence light is collected directly above the objective and guided to an Hybrid PMA detector combining GaAsP cathode sensitivity with excellent timing performance. The NDD based FLIM adapter replaces the standard objective holder and is easy to mount. A modular detection assembly allows to perform both confocal and NDD FLIM measurements. The fluorescence lifetime of fluorophores is strongly dependent on their photophysical properties and local environment. Together with the emission profile detected in different spectral channels the fluorescence decay can act as a fingerprint for a dye in a specific environment. We present a pattern-matching analysis technique that allows to identify selected patterns consisting of fluorescence de-cays in different spectral excitation and detection channels. The technique is easy to apply and allows for an excellent separation of different fluorophores, changes of fluorescence parameters due to differences in the environment as well as their discrimination from autofluorescence in biological samples.
2412-Pos Board B549
Metabolic Profiling of the Skin to Monitor the Onset and Progression of Squamous Cell Carcinoma through Time-and Wavelength-Resolved Fluorescence Lifetime Imaging Christina R. Miller, Michael G. Nichols. Physics, Creighton University, Omaha, NE, USA. Every year millions of people in the United States are affected by skin cancer, and like other cancers, the key to an effective treatment is early detection and monitoring of disease progression. To this end, we have used intensity-, time-, and wavelength-resolved multiphoton microscopy to measure changes in cellular metabolism. By analyzing the fluorescence emission of metabolic coenzymes such as the reduced form of Nicotinamide Adenine Dinucleotide (NADH) and the oxidized form of flavin cofactors, slight changes in the mitochondrial microenvironment and cellular metabolism can be quantified. We used dual-channel fluorescence lifetime imaging (FLIM) to quantify metabolic changes both within and between high-and low-HER2 expressing squamous cell carcinoma cell lines (SCC-74B and SCC-74A, respectively). Chemically-induced changes in the metabolic state led to measureable changes in lifetime distributions and fluorescence intensities within each cell line. In addition, SCC-74A and À74B could clearly be distinguished on the basis of the fluorescence intensity dynamic range (difference between uncoupled and inhibited metabolic states) and lifetime distributions. The metabolic imaging technique has also been adapted to living skin in vivo. In particular, fluorescence signals originating from metabolically active and in-active sources are identified and separated based on a combination of the two-photon-excited fluorescence excitation/emission spectra and second harmonic generation (SHG). This study was conducted at the Creighton University Integrative Bio-Imaging Facility (CU-IBIF) and was supported by NIH DC 02053, NSF-EPSCoR EPS-0701892 (CFD 47.076), NIH P20 RR16469 (NCRR) and 5P20GM103427 (NIGMS) as well as the Ferlic Summer Research Program at Creighton University. p53 is a tumor suppressor protein that regulates target genes involved in DNA damage migation and repair. If cells become stressed due to DNA damage, p53 will induce genes that trigger cell cycle arrest and/or apoptosis. p53 has a dual role in promoting oxidative phosphorylation (oxsphos) and glycolysis upon cellular stress. However, the metabolic function of p53 has not been fully explored. p53 metabolic activities may play an important role in normal growth, development, and tumor suppression, it might also be misused to help promote, rather than hinder, tumor development. To further assess p53 activity, we investigated the effect of metabolic changes under the same conditions and tested if the concentration of p53 influences the balance between apoptosis and DNA repair. We used the fluorescent lifetime imaging microscopy (FLIM) phasor approach to detect changes in oxsphos and glycolysis. Overall our data show the formation of p53 protein near the nucleolus and in areas near the inner regions of the nucleus. We also show that upon DNA damage the concentration of p53 increases by a factor of two independent of initial expression levels. The FLIM/Phasor data show that low concentrations of p53 is enough to trigger glycolytic response in the nucleus of the cells upon DNA damage with Cisplatin and under high expression levels, a new lifetime phasor cluster is detected. This new lifetime correlates with dead phenotype cells and may be a new ''apoptotic'' lifetime signal. In addition, we are able to visualize the sub-nuclear spatial localization of p53 tetramers upon DNA damage with cisplatin and obtain spatialtemporal malls of cellular localization and dynamics. This work is supported in part by NIH grants P50 GM076516 and P41 GM103540.
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Quantitative Analysis of Anchoring Proteins of the Inhibitory Synapse through Single Molecule Localization Techniques Francesca Pennacchietti 1,2 , Sebastiano Vascon 1,3 , Alessio Del Bue 1 , Enrica Maria Petrini 1 , Andrea Barberis 1 , Francesca Cella Zanacchi 1 , Alberto Diaspro 1,2 . 1 Istituto Italiano di Tecnologia, Genova, Italy, 2 Nikon Imaging Center @ Istituto Italiano di Tecnologia, Genova, Italy, 3 Università di Genova, Genova, Italy. The post-synaptic area of the inhibitory synapse is characterized by subresolved clusters of the scaffold protein Gephyrin [1] that anchors GABA A 478a Tuesday, February 10, 2015
